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1.	The use of biologging technology has increased exponentially over the last decade, allowing us to study animal behaviour at a level of detail not previously possible.
2.	It is clear from recent meta-analyses that the attachment of such devices can have negative effects on individual animals, particularly their behaviour and physiology. In recognition of this, a commonly applied rule is to ensure that devices borne by flying animals weigh less than 5% of their body mass. Over time, the continuing miniaturization of devices should facilitate the deployment of devices that are an ever-decreasing fraction of animal mass.
3.	Despite these considerations regarding device mass, here we show that there has been no apparent reduction in the relationship between body mass and the mass of logging devices over the last 44 years. 
4.	Using a meta-analytical approach, we demonstrate that the ongoing miniaturization of animal-borne devices has resulted not in a decrease in the relative device mass borne by animals, but instead has prompted researchers to measure smaller and smaller species. 

























To investigate how loggers have changed in mass over time, particularly with respect to the device mass/animal body mass ratio, we deployed a meta-analytical approach based on available studies in the literature. Data for the sizes of devices borne by birds were compiled by expanding upon a previous meta-analyses of device impact (White et al. 2013). White et al. (2013) analysed data for 39 studies of 36 species, but their analysis was restricted to studies that quantified at least one effect of device carriage with a direction that could be unambiguously interpreted as detrimental, that provided data for groups with and without devices, and that provided both sample size and an estimate of variance (s.d., s.e.m. or 95% CI). For the present study, we followed the search methodology of White et al. (2013) to identify studies of device impact that reported the mass of devices the devices that were employed, and also searched those studies that cite two recent meta-analyses of device impact (Barron et al. 2011; White et al. 2013). We identified a total of 141 studies published from 1972 (Boag 1972; Ramakka 1972) to 2017 (Snijders et al. 2017), a substantial increase on the 89 studies considered by Barron et al. (2010) and the 39 studies considered by White et al. (2013). Species names were checked against the taxonomic reference associated with the online tree of life (Hinchliff et al. 2015) using the rotl package (Michonneau et al. 2016). Where no body mass was specified in a study from which device mass data were extracted, mean body masses were obtained from the CRC Handbook of Avian Body Masses (Dunning 2007). In total, our database includes 221 records for 103 species (Table S1). For analysis, we selected the smallest device used for each species in each study, leaving a total of 160 records. Including all 221 records did not alter the conclusion. Data for device mass, animal mass, and relative device mass (= device mass divided by animal mass) were analysed using quantile regression implemented in the quantreg package (Koenker 2016); data for device mass and animal mass were log transformed for analysis. Quantile regression fits were computed using the Barrodale and Roberts algorithm (Koenker & d'Orey 1987; 1994). Significance of quantile regression parameter estimates was determined on the basis of 95% confidence intervals calculated based on inversion of a rank test (Koenker 1994). 
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Figure 1. The effect of logger deployments on birds. 
Temporal trends in (a) device mass, (b) body mass, and (c) relative device mass (= device mass divided by body mass) for birds instrumented with a range of biotelemetry and biologging devices. The solid lines in (a) and (b) are the 0.75th and 0.25th quantile regressions; the 0.25th quantile regression is significant in both (a) and (b) whereas the 0.75th quantile regressions are not. The dashed and dotted lines in (c) correspond with devices weighing 5% and 3% of body mass, respectively, which have been proposed as maximum reasonable device masses, but are regularly exceeded. 
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